Metastable multiply charged argon ions produced in, and extracted from, an electron cyclotron resonance ion source were captured from the beam into an electrostatic (Kingdon) ion trap by rapidly pulsing the potential of the central wire relative to the cylinder. The ions were selected on a charge-to-mass ratio basis before capture. Photons emitted in magnetic-dipole and electric-quadrupole transitions from levels with lifetimes exceeding 5 ms were selected by wavelength and recorded vs ion storage time in the trap. Also, ions were counted after ejection following a preselected storage time in the trap, using a mi- 
I. INTRODUCTION Over the last two decades, there has been a small but continued effort to experimentally determine the lifetimes of long-lived metastable levels of ions using the ion confinement technique [1] . The electrostatic (Kingdon) ion trap [1] [2] [3] has been used for a significant fraction of these measurements [4] [5] [6] [7] . The motivation for this research is the common observation of "forbidden" magnetic dipole (Ml), electric quadrupole (E2), and intercombination electric-dipole transitions from metastable levels in the tenuous plasmas of astrophysical and laboratory sources, such as the solar corona, gaseous nebulae, and tokamaks [8] . These transitions are prominent, despite their low transition rates, because collision rates are low, and "coronal equilibrium" often prevails [9] . It has been known for many years [10, 11] that under such conditions the relative intensities of certain different forbidden, or of allowed and forbidden, transitions can provide important diagnostics of electron density and temperature in the plasmas, provided that the relevant transition probabilities are known. Since experimental information has been sparse and for charge states higher than 2 essentially nonexistent for levels with millisecond life-'Present address: Advanced Photon Source, Argonne National Laboratory, Argonne, IL 60439-4814.
Present address: Lawrence Berkeley Laboratory, Bldg. 88, Berkeley, CA 94720. times, numerous theoretical calculations of transition rates of forbidden transitions of increasing sophistication are being carried out. These ab initio calculations typically involve the use of approximations and the selection of the configurations to include in the calculation. The accuracy of many of these calculations is difficult to assess and evaluations are usually performed by comparison with other theoretical results, with the implicit assumption that more elaborate efforts are the best. However, recourse to experiment is preferable, and in certain cases for ions with low charge states, factor of 2 differences between experiment and theory, with implications for astrophysical models, have been discovered [12, 13] . Semiempirical calculations also require data as input, and even the ab initio calculations rely on experimental wavelength determinations.
Several of the metastable lifetime measurements reported here have not previously been reported for ions in high-charge states in any type of ion trap. Ion storage is required since most transitions with lifetimes of microseconds or logger cannot be addressed using ion-beam techniques, due to the spatial extent of the decay length for fast-moving ions. On the other hand, high charge states have not been studied since electron-impact ionization was typically used to produce the metastable ions inside the trap, although recently some success has been achieved in con6ning charge states to 6+ using colliding plasmas [14] . In the present work, highly charged ions in a beam from a low-energy multicharged ion source were captured into the ion trap. The increasing availability of such ion sources, including the electron cyclotron reso-1050-2947/94/50(1)/177(9)/$06. 00 50 177 1994 The American Physical Society nance ion source (ECRIS) [15] , the electron-beam ion source (EBIS) [16] ,and the electron-beam ion trap [17, 18] when used as a source [19] [20] . The lifetime measurements are discussed in relation to theoretical calculations in Sec. IV. Several of these measurements have been briefiy reported in earlier publications [21, 22] .
II. EXPERIMENTAL TECHNIQUE
The Kingdon electrostatic ion trap [1 -3] The measurement cycle is diagramed in Fig. 1 to be CO under our measurement conditions) were major constituents, so the metastable lifetimes and ion storage times were studied vs the pressure of these gases, as measured with a nude ion gauge. The gases were separately introduced through a leak valve from an external bakeable gas-handling system. Figure 3 show an example of a plot of reciprocals of measured photon decay time constants vs target gas density. [25] . At eV energies, the capture cross section is increasing rapidly with energy, but level-dependent differences still occur [26] . Ar + 3s 3p transition CK [28] Transition rates (s ') MZ [29) BH [30] SK [31] E, C-MZ [35] C, KD [36] KS [28] 
